Where a 'time-critical' condition exists and care cannot be provided at the patient's current hospital, traditional 'refer and accept' pathways of care may delay immediate transfer. This paper describes how to identify time-critical patient groups and the sources of delay. This enabled a local clinical network to redesign the transfer process, resulting in the removal of specialist teams from the transfer decision-making process, changing the process from 'refer and accept' to 'send and inform.' In cases where referral to and acceptance by specialist teams were removed from the decision-making pathway, a median time saving of 1 hour 38 minutes was achieved.
Introduction
In the UK, the management of patients in hospital has become more complex and specialist care is being centralised at a reduced number of sites. Pre-hospital care providers have produced pathways for some conditions that allow patients to be transported directly to a facility with all the resources required, for example the trauma unit bypass tool (TUB). Despite implementation of these pre-hospital primary bypass pathways, patients may also present to hospitals without the facilities to meet their needs, when they are too unstable to be transported a greater distance or the distance is simply too far. The transfer of patients with severe illness or injury between sites during the acute episode remains an issue. Inter-hospital transfer is a process with potentially associated morbidity, and there is an association between ICU to ICU transfer and additional length of stay. 1 Risks of adverse events during transfer may be reduced by the production of national guidance. 2 Postgraduate qualifications such as the Diploma in Retrieval and Transport Medicine recognise the complexity of delivering intensive care 'on the move.' It is often the non-clinical aspects of the transfer process that add particular challenges.
A previous study demonstrated a median time of 5.4 hours from injury to evacuation of subdural/extradural haematoma in patients who present to a local hospital and require onward transfer for specialist care. 3 In this study, the majority of this time (median 3 hours 19 minutes) was spent in the local hospital. The authors highlighted how care often ran in series, for instance, the patient not being packaged on a transfer trolley or an ambulance not called until after the patient had been accepted for transfer. This study suggested that significant time could be saved at a local hospital if processes occurred in parallel.
Despite this, transfer practices in this region (the site of Bulters' study) remained largely unchanged before review by the Wessex Trauma Network (WTN). This paper describes how the network developed new pathways of transfer between hospitals where traditional 'refer and accept' pathways were felt to be adding delay in time-critical trauma cases. These changes happened within the context of the reforms to major trauma care in England. The service specification for Major Trauma Centres now includes the use of automatic acceptance criteria in cases where a patient' s injuries exceed the capabilities of the hospital they initially present to. 4 This paper describes the quality improvement methodology used to implement automatic acceptance and its impact on the patient timeline.
Methods
The Wessex Trauma Network was formed in February 2010 and care pathways changed in April 2012 as part of a 'go live' of trauma care nationally. The WTN includes five NHS ambulance Trusts and nine NHS acute hospital Trusts operating across ten acute hospital sites. One hospital was designated as a Major Trauma Centre (MTC), seven as Trauma Units (TUs) and two as Local Receiving Hospitals (LRHs). Two interventions were identified that would allow greater numbers of seriously injured patients to be transferred directly from the scene to the MTC: the TUB tool, a national initiative that empowered paramedics to bypass local hospitals that did not have the necessary facilities or skills; and the provision of an on-site helipad at the MTC. Another intervention was the design and implementation of automatic acceptance criteria for secondary transfer between TUs/LRHs and the MTC. One of the authors (PD) was appointed to specifically work on this element. Funding was secured as part of a quality improvement fellowship programme run by Wessex Deanery and NHS South of England.
Since these three interventions were to be introduced within five months of one another (primary helipad at the MTC from November 2011, TUB and secondary transfer changes from April 2012) the likely combined impact of the changes in patient pathways was unknown. However, the incidence of major trauma in the population was not expected to change. The impact of the helipad on access to specialist services has been reported elsewhere. 5 The total number of patients transferred in a time-critical fashion for specialist care as a result of trauma had not previously been identified. A retrospective case note review of admissions to all of the three adult ICUs (Neurological, Cardiac and General) at the MTC was undertaken. Children (under 16 years of age) admitted to the paediatric intensive care unit were excluded. Patients transferred from another hospital between the 1st October 2010 and 30th September 2011 were identified from audit databases (Cardiac and General ICUs). A manual review of all admission records for July and August 2011 to the Neurosciences ICU (known to receive the majority of secondary transfers) was conducted.
This data was presented to the Wessex Trauma Network and indicated approximately 70 time-critical transfers per annum, the overwhelming majority of which were likely to be neurosurgical. This information was used to inform the development of a transfer tool and automatic acceptance criteria. The purpose of this tool was to identify and streamline the transfer of patients in the time-critical group. Several other key issues (Figure 1 ) were identified and resolved using quality improvement methodology in the process of the tool design. 6 The transfer tool was implemented (Figure 2) in April 2012. Automatic acceptance was assured where one of three criteria was present and injuries exceeded local capabilities.
The criteria made no distinction between types of traumatic haemorrhage within the skull vault. This was deliberate given guidance by the National Institute of Clinical Excellence (NICE) that "transfer would benefit all patients with serious head injuries (GCS ≤8), irrespective of the need for neurosurgery" 7 and the fact that extra-axial, subarachnoid and intra-cerebral haemorrhage are often seen together in severe trauma and differentiation of the dominant haemorrhage type may be problematic.
Ambulance service representatives agreed a universal adoption of the provision of an ambulance within a target time of eight minutes if a 'time-critical trauma transfer' was requested. All patients were transferred to the MTC via the emergency department to facilitate immediate application of identification bands specific to the MTC and allowing immediate blood cross-match where appropriate. The intention was that patients should not be re-assessed in the emergency department if stable during transfer and would be directed to the destination point that had been negotiated by teams at the MTC while the patient was en route.
Hospital capacity limits were identified as a significant risk to the implementation of the tool. A position statement by the Society of British Neurosurgeons states that "the lack of intensive care beds must not be a reason for refusing admission for patients." 8 This removed the requirement to check intensive care bed availability prior to transfer. Capacity risks were mitigated by a region wide repatriation agreement requiring TUs and LRHs to accept patients back from the MTC within 48 hours of notification.
Original articles

Issue identified
Sample of quality improvement methodology used 6 The need to establish quickly if injuries could be treated locally Process mapping in cases of traumatic injury.
Staff perceptions
If transfer was required, was this time critical? (What does time critical mean?) and if so:
Should/could the interaction with traditional "gatekeepers" Process templates at specialist centres be eliminated?
' Education and implementation of the tool was coordinated by the trauma lead at each site, supported by educational material produced regionally. Transfer tool wall charts were placed in every emergency department in the region.
Ongoing monitoring of tool performance and compliance was performed by screening all Trauma Audit and Research Network (TARN) eligible patients escorted by hospital intensive care teams to the MTC from another hospital for a period of one year (2 April 2012 to 1 April 2013). Patients undergoing time-critical transfer were identified and timelines including 999 call, arrival and departure from local hospital and arrival at the MTC were recorded. In addition to eligibility for use of automatic acceptance criteria for transfer, injuries identified, total injury severity scores (ISS) and outcomes were noted. Time spent in a trauma unit was compared to the median time in a trauma unit from Bulters' study. Secondary data collection looked at location of injury and if TUB criteria were fulfilled and followed.
Results
In the year from 2 April 2012 to 1 April 2013, 35 time-critical inter-hospital trauma transfers were undertaken by intensive care units to the MTC. The majority were undertaken for intracranial haemorrhage (n=32) with two due to intraabdominal trauma (hepatic injury) not amenable to control at the local hospital. In the remaining case, a paramedic-crewed helicopter emergency medical service landed at a trauma unit for assistance with airway management prior to onward delayed primary transfer to the MTC (This was outside the agreed patient pathway). This patient and the two intraabdominal haemorrhage patients were excluded from timeline analysis.
Of the 32 transfers due to head injury, 13 used criteria for automatic acceptance to the MTC. In a further ten cases automatic acceptance criteria were fulfilled but were not used and patients were referred to the MTC via the traditional 'refer and accept' pathway. In cases where the automatic acceptance criteria were used, the median time spent in the TU/LRH prior to transfer was 134 minutes vs 232 minutes when criteria could have been used but were not (8/10 of these cases were during the first five months of operation). In the remaining nine cases of time-critical transfer, patients failed to meet eligibility criteria for automatic acceptance on grounds of preintubation GCS motor score (Figure 2 ). Six had a GCS motor score documented as 5 and three a motor score of 6 prior to intubation. The median time spent in a TU/LRH prior to transfer in this group was 252 minutes. Figure 3 describes the three groups in more detail.
In 17 of 35 cases, the patient fulfilled criteria for primary trauma unit bypass. Seven of these were within 45 minutes travel time of the MTC. In six of seven cases, pre-hospital records indicated unmanageable airway/respiratory compromise leading to perceived impending cardiac arrest, hence these cases appropriately diverted to the nearest emergency department. Of the ten cases where the patient fulfilled primary bypass but were over 45 minutes travel time to the MTC, seven were injured at a location with a travel time of between 45 and 60 minutes to the MTC. To facilitate comparison with the trauma unit time in Bulters' study, sub-group analysis was undertaken looking at patients with subdural/extradural haematoma and urgent operative intervention at the MTC (Figure 4 ).
Discussion
This paper demonstrates how a collaborative network can modify the pathway of care for some severely injured patients. The numbers of secondary trauma transfers following implementation of the secondary transfer guidelines were significantly lower than predicted (35 actual cases vs about 70 predicted). This intervention was introduced alongside the TUB criteria used by pre-hospital providers and the provision of an onsite helipad at the MTC. Both are likely to account for a proportion of this difference. It should also be noted that this number could have been reduced by seven had the upper limit of primary bypass times been 60 minutes and a further six had advanced airway intervention been available in the pre hospital phase.
Use of automatic acceptance criteria produced a 98 minute reduction in the median time spent by patients in a trauma unit with severe traumatic brain injury compared to cases where the tool was fulfilled but not applied. Bulters' study looked at sub/extradural haematomas only and looking at this subgroup the time saved reduces to 48 minutes against current and 55 minutes against historical neurosurgical referral (Figure  4) . These timesavings are far greater than can be explained by the absence of several telephone calls. We believe the success demonstrated is in part due to increased ability to anticipate the next step in the patient pathway. By moving decisionmaking to individuals already involved in the patients' pretransfer care, rather than adding a remote tier of decisionmaking, local senior clinicians can anticipate the need for transfer and care steps (eg packaging, image transfer, booking ambulance, liaison with MTC) can occur in parallel rather than series. 'Trauma unit time' for patients who require time-critical transfer for definitive care may provide a good measure of system performance that would allow comparison between hospitals and networks. Trauma unit time forms the largest component of the patient journey and an area of potentially greatest time saved. There were clearly cases in the initial phase of implementation where local clinicians were not aware of the change in patient pathways, but these cases have decreased over time. Such is the perceived success of automatic acceptance criteria that failure to apply these appropriately is now reported as a 'serious untoward incident' within the network.
Any system that facilitates transfer without specialist consultation is at potential risk of alienating the very clinicians who will provide the patients on-going care. A balance of tool sensitivity (maintaining 'buy-in' from the trauma units) and crucially specificity (ensuring neurosurgeons and neurointensivists are reassured that any perceived risk of inappropriate transfer is minimised) is needed to ensure all key stakeholders sign up to a region-wide tool. The data on injury severity and intervention rates highlights the fact that local clinicians are using the tool appropriately to transfer those with the most severe injuries and are identifying cases and seeking advice where injuries may be unsurvivable as a function of their severity or patient comorbidity.
The lessons learnt are equally applicable to any condition that requires time-critical intervention which cannot be provided in a patient' s current clinical environment. This is a situation that has become increasingly frequent with the centralisation of acute services, other examples including STelevation myocardial infarction (where primary percutaneous intervention is not available on site) and ruptured abdominal aortic aneurysm (at hospitals with no vascular surgical cover).
